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Glucagon-llke InauJ Inotropic peptides, compositions and methods. 



@ The present Invention provides novel compounds comprising certain GLP-1 molecules oomplexed 
with a divalent metal cation, pharmaceuttaaJ compositions thereof, and methods of using such 
compounds for enhancing the expression of Insulin tn B-type islet ceOs and for treating maturity onset 
diabetes meflRus in mammals, particularly humans, 
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This invention relates to the field of pharmaceutical and organic chemistry and provides novel compounds, 
and pharmaceutical compositions thereof, which are useful for enhancing the expression of insulin from mam- 
malian pancreatic B-type Islet ceils and for treating maturity onset diabetes melfitus in a mammal 

The endocrine secretions of the pancreatic islets are under complex control not only by blood- borne me- 

5 taboirtes (glucose, amino adds, catecholamines, etc), but also by local paracrine influences. The major pan- 
creatic islet hormones (glucagon, insulin and somatostatin) Interact amongst their specific ceil types (A, B, and 
D ceils, respectively) to modulate secretory responses mediated by the aforementioned metabolites. Although 
Insulin secretion is predominantly controlled by blood levels of glucose, somatostatin Inh tbft s glucose-mediated 
insulin secretory responses. In addition to the proposed fnteHslet paracrine regulation of insulin secretion, there 

10 Is evidence to support the existence of Insdlnctroplc factors In the Intestine. This concept originates from the 
observations that glucose taken orally a a much more potent stimulant of insulin secretion than is a comparable 
amount of glucose given intravenously. 

The human hormone glucagon is a 29- amino acid peptide hormone produced In the A-cells of the pancreas. 
The hormone belongs to a multi-gene family of structurally related peptides that Include secretin, gastric Irv 

15 hibitory peptide, vasoactive Intestinal peptide and gjicenttn. These peptides variously regulate carbohydrate 
metabolism, gastrointestinal mobility and secretory processing. The principal recognized actions of pancreatic 
glucagon, however, are to promote hepatic gfycogenoiysis and gfyconeogenesis, resulting In an elevation of 
blood sugar levels. In this regard, the actions of glucagon are counter regulatory to those of insulin and may 
contribute to the hyperglycemia that accompanies Diabetes meflitus [(Lund, P.K., etaL, ProcNatL Acad. ScL 

20 USA. 79:345-349 (1982)1 

Glucagon has been found to be capable of binding to specific receptors which lie on the surface of insulin 
producing ceQs. Glucagon, when bound to these receptors, stimulates the rapid synthesis of cAMP by these 
cells. cAMP, In turn, has been found to stimulate insulin expression [Korman, LY, et a/., Diabetes, 34:717- 
722 (1985)]. Insulin acta to Inhibft glucagon synthesis [Ganong, W.F., Review of Medical Physiology, Lange 

25 Publications, Los AJtos, California, p. 273(1979)]. Thus, the expression of glucagon Is carefully regulated by 
insulin, and ultimately by the serum glucose level. 

The glucagon gene Is Initially translated from a 360 base par precursor to form the polypeptide, prepro- 
giucagon [Lund, etaL, Proa Natl. Acad. Set. U.SA. 79:345-349 (1 982)]. This polypeptide Is subsequently proc- 
essed to form proglucagon. Patzett, C, et el, Nature, 282360-266 (1979), demonstrated that proglucagon 

30 was subsequently cleaved Into glucagon and a second polypeptide. Subsequent work by Lund. PJC, et at., 
Lopez LC., et aL, Proa Natl. Acad. Sd. USA, 80:5485-5489 (1983), and Bed, G.I., et at., Nature 302:716- 
718 (1 983), demonstrated that the proglucagon molecule was cleaved Immediately after rystne-arginine d (pep- 
tide residues. Studies of proglucagon produced by channel catfish {Ictalurvs punctata) indicated that glucagon 
from this animal was also proteofyticaUy cleaved after adjacent lysine-arglnine dipeptide residues [Andrews 

35 P. C, etal., J. BtoL Cham., 260:39104914 (1985), Lopez. LC. et at.. Proa Natl. Acad. ScL USA. 80:5485- 
5489 (1983)]. Bell, GJ., et aL, supra discovered that mammalian proglucagon was cleaved at fysine-argmme 
or arginine-arginlne d {peptides, and demonstrated that the proghicagon molecule contained three discrete and 
highly homologous peptide molecules which were designated glucagon, glucagon-Jike peptide 1 (GLP-1) and 
glucagon-fike peptide 2 (GLP-2). Lopez, et at., concluded that glucagon-IIke peptide 1 was 37 amino add re- 

40 sidues long and that tfucagon-iiks peptide 2 was 34 amino add residues long. Analogous studies on the struc- 
ture of rat preproghjcagon revealed a similar pattern of proteolytic cleavage between adjacent rysine-arginine 
or arginine-arginlne dipeptide residues, resulting in the fo rm ation of glucagon, GLP-1 and GLP-2 [Helnrich, G., 
et aJ n Endocrinol^ 115:2176-2181 (1984)]. Human, rat, bovine, and hamster sequences of GLP-1 have been 
found to be identical [Ghignone. M. t et a/.. Dlabetologfa, 27:599-600 (1984)]. 

48 The conclusion reached by Lopez, et a/., regarding the size of GLP-1 was confirmed by the work of Ut- 
tenthaJ, LC, etaL, J. Clin. Endocrinol. MetaboL, 61:472-479 (1985). 

UttenthaJ, et a/., examined the molecular forms of GLP-1 which were present in the human pancreas. Their 
research shows that GLP-1 and GLP-2 are present in the pancreas as 37 amino add and 34 amino add pep- 
tides, respectively. 

50 The similarity between GLP-1 and glucagon suggested to early Investigators that GLP-1 might have bio- 
logical activity. Although some Investigators found that GLP-1 could induce rat brain cells to synthesize cAMP 
[Hoosein, N.M. , et at.. Fobs Lett 178:83-86 (1 984)], other investigators failed to Identify any physidogicaJ rde 
for GLP-1 (Lopez, LC, et a/.). The failure to Identify any physiological rde for GLP-1 caused some Investiga- 
tors to question whether GLP-1 was in fact a hormone and whether the reJatedness between glucagon and 
55 GLP-1 might be artifact ual. 

Variants of GLP-1 (7-37) and analogs thereof, also have been disdosed. These variants and analogs tn- 

"dude, for example, Gln*-GIF-1 (7-37)."D-GlnM3LP-1 (7-37), adetyl-Lys*-GLP-1 (7-37% Thr^Lys'MSLP-l (7- 

37), Lys 1 «-GLP-1 (7-37) and the like, and derivatives thereof including, for example, acid addition salts, car- 

2 




10 



15 



b^ate salt* lower aikyl esters, and amides (see, eg., WO 91/114571 Generally, the various disclosed forms 
of GLP- ^°wntostimuiate Insulin secretion (Insullnotmplc action) and cAMP formation (see, eg. Mojsov 
S. t lot J. Peptide Protein Research, 40333.343 (1992)]. *— * 

More Importantly, multiple authors have demonstrated the nexus between laboratory experimentation and 
mammalian, particularly human, Insuiinotropic responses to exogenous administration of GUM partlcuiarrv 
GUM (7-36)amldeandGLP.1 (7^7)^e.c >t Nauck i MA..e^.OfaiKrfc^ f 38:741-744(1 smGumlalL 
M.. ef aZ. New England J. otMedtdne, 326f20):1316-1322 (1992); Naudc, MA, eTa/., J. Cffn. /nvest 9Vm£ 
307 (1993); and Thorens. B., et a/., Diabetes, 42:1219-122S(1993)]. ' — ' 

More particularly, the fundamental defects identified as causing riypergjyceirta In maturity onset diabetes 
are Impaired secretion of endogenous Insulin and resistance to the effects of Insulin by muscle and liver rGai- 
toway, J.S„ Diabetes Care, 13:1209-1239, (1990)]. The latter defect results in excessive production of glucose 
from the liver. Thus, whereas a normal Individual releases glucose at the rate of approximately 2 rng/kg/minute 
in patients with maturity onset diabetes, this amount usually exceeds 2.5 rng/kg/mlnute resulting in a net ex- 
cess of at least 70 grams of glucose per 24 hours. The feet that there exists exceedingly high correlations be- 
tween hepatic glucose production, the fasting blood glucose and overall metabolic control as indicated by dy- 
cohemoglobin measurements [Galloway, JA, supra: and Galloway, JA, et aL t Clin. Iherap 12:460-472 
(1990)], it is readily apparent that control of the fasting blood glucose b a sine quo non for achieving overall 
normalization of metabolism sufficient to prevent the complication of hyperglycemia. In view of the fact that 
present forms of Insulin rarely normalize hepatic glucose production without producing significant hypermsu- 
linemla and hypoglycemia (Galloway, J A, and Galloway. JA. et a/., supra) alternative approaches are need- 
ed. 

Intravenous infusions of GUP-1 (7-36)amide to produce twice normal serum concentrations have been 
demonstrated to produce the effects Indicated in the table below: 





Normal 


Patients With Maturity 




Subiects 


Onset Diabetes 


Meal glycemia (1) 


Unchanged 


Reduced 


Fasting glycemia (2) 




Reduced 


Fasting glucagon (2) 




Reduced 


Post -prandial glucagon (1) 




Reduced 


Endogenous insulin secretion 






in response to a meal (l) 


Unchanged 


increased 


Free fatty acids 


Reduced (2) 


Reduced (2) 
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(1) Gutniak, M. 

(2) Naucki M.A. 

(3) Orskov, C 



. et al. , supra . 
, et al. # Diabetologia, supra . 
et al., Diabetes, 42:658-661, (1993) 



However, the long-term stability of GLP- 1 , particularly GLP-1 as a component of a pharmaceutical ccrnposTCon 
for administration to mammals, is questionable. In fact, when stored at the low temperature of 4°C, by-products 
of GLP-1 (7-37) have been found as early as eleven months after sample preparation (Mojsov, S.. supra) . Thus, 
so there exists a need for a more stable GLP-1 compound which can safely be administered to mammals In need 
of such treatment 

Furthermore, the biological half-life of GLP-1 molecules, particularly those molecules which are affected' 
by the activity of dfpeptldyl-peptidase IV (DPP IV) Is quite short For example, the biological hatWife of GLP- 
1 (7-37) b a mere 3 to 5 minutes (U.S. Pat No. 5,118,666), and is further influenced by its rapid absorption 
53 following parenteral administration to a mammal. Thus, there also exists a need for a GLP-1 compound or for- 
mulation which delays absorption following such administration. 

Accordingly, the present Invention provides compounds and formulations which satisfy the aforementioned 
stability requirements. The compounds of the present Invention also provide delayed absorption following par- 
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enteral administration and, consequently, should have extended bidogicaJ haJf-ttvea. Also provided are phar- 
maceutlca) compositions of the compounds of the present invention, as weQ as methods for using such com- 
pounds. 

The present Invention provides a compound comprising a GLP-1 molecule having at least one hlstidlne 
5 functionality or a modified hlstidine functionality and further having an Isoelectric point In the range from about 
6.0 to about 9.0, complexed with a divalent metal cation. 

Also provided by the present Invention b a pharmaceutical composition comprising a compound of the 
present Invention In combination with a pharmaceuticaJly acceptable earner, diluent, or exciplent 

The present Invention further provides a method for enhancing the expression of insulin comprising pro- 
10 viding to a mammalian pancreatic B-type islet ceil an effective amount of a compound of the present Invention, 
as well as a method for treating maturity onset diabetes mdlitus in a mammal In need of such treatment com- 
prising administering an effective amount of a compound of the present Invention to said mammal 

One aspect of the present Invention provides a compound comprising a GLP-1 molecule having at least 
one hlstidlne functionality or a modified hlstidlne functionality and further having an Isoelectric point In the 
13 range from about 6.0 to about 9.0, complexed with a divalent metal cation. 

As used In the present specification, the term 'GLP-1 molecule" refers to naturafly-occurring GLP-1 (7- 
36)amlde, GLP-1 (7-37), natural and unnatural functional analogs and derivatives thereof, and salts thereof. 
The amino acid sequence of GLP-1 (7-36)amlde b weQ known In the art, but is presented below as a conve- 
nience to the reader 

20 

His 7 -Ala-Glu-Gly 10 -Thr-Phe-Thr-Ser-Asp 15 -val-Ser-Ser-Tyr- 
Leu 20 -Glu-Gly-Gln-Ala-Ala 25 -Lys-Glu-Phe-Ile-Ala 30 -Trp- 
Leu-Val-Lys-Gly 35 -Arg-NH 2 . 

25 

For GLP-1 (7-37), the carboxy-termlnal amide functionality of Arg* b displaced with Gly at the 37th position 
of the GLP-1 (7-36)amide molecule. 

In addition, the existence and preparation of a multitude of protected, unprotected, and partially protected 

30 natural and unnatural functional analogs and derivatives of GLP-1 (7-36)amide and GLP-1 (7-37) molecules 
have been described In the art [see, e.g., U.S. Pat No. 5,1 20,71 2 and 5,118,688, which are herein Incorporated 
by reference, and Orskov, C, et a/., J. Biol. Cnem., 264*22): 12826-1 2829 (1989) and WO 91/11457 (Buddey, 
D.I.. et a/., published Augusta, 1991)]. 

As known In the art amino acid residues may be in their protected form In which both amino and carboxy 

35 groups possess appropriate protecting groups, partially-protected form in which either amino or carboxy groups 
possess appropriate protecting grou ps, or unprotected form in which neither amino nor carboxy groups possess 
an appropriate protecting group. Numerous reactions for the formation and removal of such protecting groups 
are described In a number of standard works including, for example, •Protective Groups In Organic Chemistry*, 
Plenum Press (London and New York, 1973); Green, T.H- ■Protective Groups in Organic Synthesis - , Wiley 

40 (New York, 1981); and "The Peptides 0 , Vbt I, Schroder and Lfibke, Academic Press (London and New York, 
1965). 

Representative amino protecting groups Include, for example, formyi, acetyl, bopropyi, butoxycarbonyL 
fuorenytmethoxycarbonyl, carbobenzyloxy, and the like. 

Representative carboxy protecting groups include, for example, benzyl ester, methyl ester, ethyl ester, t- 
45 butyl ester, p-nltro phenyl ester, and the like. 

In addition to protected forms in which both amino and carboxy groups possess appropriate protecting 
groups, the term ■protected' also refers to those GLP-1 molecules in which the activity of dfpeptidyt-peptidase 
IV b resisted or inhibited gee, e.g.. Mentletn, R-, of a/.. Cur. J. Biochem, 214:829^35 (1993)]. In addition to 
GLP-1 (7-36)amide and gr/dne-8-(Gfy«)-GLP-1 (7-36)amlde, GLP-1 molecules which are protected from the 
so activity of DPP IV are preferred. 

Derivatives of naturally-occurring GLP-1 molecules are those peptides which are obtained by fragmenting 
a naturally-occurring sequence, or are synthesized based upon a knowledge of the sequence of the naturally- 
occurring amino sctd sequence of the genetic material (DNA or RNA) which encodes thb sequence. The term 
"derivatives" also Includes chemical modification of natural or unnatural GLP-1 molecules. Processes for pre- 
ss paring these derivatives are weQ known to organic and peptide chemists of ordinary sklO (see, e.g., WO 
91/11457, supra) . 

GLP-V molecules of the present invention also Include analogs of GLP-1 (7-36)amJde and GLP-1 (7-37) 
In which one or more amino acids which are not present In the original sequence are added or deleted, and 

4 
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derivatives thereof. 

Furthermore, the present Invention Induces a salt form of a GUM molecule. A GUM of thb Invention 
can possess a sufficiently acidic a sufficiently basic or both functional groups, and accordingly react with 
any of a number of Inorganic bases, and Inorganic and organic adds, to form a salt Adds commonly employed 
to form add addition salts are Inorganic adds such as hydrochloric acid, hydrobromtc add, hydrolodlc add, 
sulfuric acid, phosphoric add. and the like, and organic adds such as e-totuenesulfonie acid, methanesulfonic 
add oxalic add, r^bromophenyl-sutfonlc add. carbonic add. aucdnlc add, citric add, benzoic add. acetic add. 
and 'the like. Examples of such salts Include the sulfate, pyrosutfatB. bbulfate, sulfite, btsulftte^phosphato. 
monohydrogenphosphate. dlhydrogenphosphate. metaphosphate. pyrophosphate, chloride, bromide. Iodide, 
acetate, propionate, decanoate. caprytate, acryiata. formate, bobutyrata. caproate. heptanoate. Propw'ate.ox- 
alats malonate. succinate, su berate, sebacate, fumarate. maleate, butyne-1.4-dioate. hexvne-1.6-dioato. 
benzoate. cMorobenzoate, methylbenzoate, dinitrobenzoate. hydrcxybenzeate. methoxybenzoate, pWhalatB, 
sulfonate, xytenesuHbnate. phenytaeetate. phenylproplonate. phenylbutyrate. dtrate. lactate, gamma^ydrex- 
vbutvrete. olycolate. tartrate, methanesutfonate. propanesulfonata. naphthaJene-1 -sulfonate, naphthaleno-2- 
sulfonate. mandelate. and the like. Preferred add addition salts are those formed with mineral adds such as 
hydrochloric acid and hydrobromtc add, and. especially, hydrochloric acid. 

Base addition salts Indude those derived from Inorganic bases, such as ammonium or alkali or alkaline 
earth metal hydroxides, carbonates. Wcaibonates. and the like. Such bases useful in preparing the salts of 
this Invention thus Indude sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium carbon- 
ate. and the Glee. The salt forms are particularly preferred. 

Of course, when the compounds of thb invention are used for pharmacotherepeutic purposes, those com- 
pounds may also be in the form of a salt, but the salt must be prumraceuticaSy acceptable. 

Thus. GUM mdecules of the present Invention Include Wer aBe. those GUM molecules which function- 
any demonstrate Insulinotrople activity. The term Tnsulinotrepic aeth*ay* relates to the ability of a substance 
to sdmulatB or cause the stimulation of. the synthesis or expression of the hormone Insulin. 

The Insulinotrople property of a compound may be determined by providing that compound to animal cells, 
or Meeting that compound Into animals and monitoring the release of Immuncreadlve insulin (IRQ into the me- 
dsTcr circulatory system of the animaJ, respectively. The presence of IR1 to detected through the Use of a ra- 
dioimmunoassay which can spadflcalfy deted Insulin. 

Although any radioimmunoassay capable of detecting the presence dlW may be P"**™** 
to use amodification of the assay method of Albano, J.D.M, et at. Acta Endocrinol. 70:487-509 (1972). In 
this modification, a phosphate/albumin buffer with a pH of 7.4 Is employed. The incubation is prepared with 
the consecutive addition of 500 pi of phosphate buffer. 50 (d of perfusate sample or rat Insulin standard In per- 
fusate 100 id ofantt-insultn antiserum (Wellcome Laboratories; 1:40.000 dilution), and 100 pi of |-p insulin. 
ghWstotaivolunTeofySOplhsl^ 

Lulin b separated from antibody-bound Insulin by charcoal separation. The assay sensitivity Is 1-2uU/mL. 
In order tomeasure the release of IRJ Into the cell culture medium of cdb grown In tissue cUturcorw^eraWy 
ncorperetes radtoadlve label Into protnsultn. Although any radioactive label capable of labelling a polypeptide 
canto used It b preferable louse* leucine In order to obtain labelled protnsultn. labelling can be done for 
any period or dme suffldent to permit the formation of a detectably labelled pod of promsdln mdecules; how- 
ever It ts preferable to Incubate cells In the presence of radioactive label for a 60 minute time period 

Although many cefl lines capable of expressing insulin can be used ^^^^f^ 8 "T"™ 
has an tnsullnotrooic effect, it b preferable to use rat Insulinoma cells, and especially R1N-38 rat Insulinoma 
cads. Such ceBs can be grown m any suitable medium: however, a b preferable to use OMEn^lumcortalnlng 
01% BSA and 25 mM ojuoo-so. 
' The Insullnctroplc property of a compound may also be determined by pancreatic Inf ustoru The to sfti bo- 
^perfused ratpa^ preparation b a modification of the method of Penbos. J.C.. ef al Otebetes. 
\**3ym (1989). Fasted male Charles River strain albino rats, weighing 350-600 g, are anesthetized with 
m Irtrepartoneal Injection of Amytal Sodium (EH Lilly and Co.: 160 ngfkg). Renal, adrenal. 8 as trie, and lower 
. cdo^ckcTv««Xara ngated. The entire Wastlne b resected except for about four cm of duodenum and 
*eXcendtng colon and rectum. Therefore, onty e small part of the intestine b perfused, mhUntdngposaWe 
interference by enteric substances with gJueagorvlike IrnmunoreadMty. The perfusate » amodHM ^rebs- 
Rlnoer bicarbonate buffer with 4% dextran T70 and 0.2% bovine serum albumin (fraction ^, and b bubbled 
ShM^- 5% CO* A nonpubatae flow, -Uhannd roder bearing pumpJBuchbr 
. struments bMslon, Nudear-Chlcago Corp.) b used, and a arifch from one J^^«^^ b a ~ 
comofbhed by switching a 3-way stopcock. The manner In which perfusion b performed, mcntored. andar* 
■ -JSow^m3ofWe7o.C. efat.J. CBn. /nesugat 54:1403-U12 (1974), which b hereby Incorpc- 

rated by reference. 
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The GLP-1 molecules of the present Inventten -~ • 
preferably at the 7-posftlon as show, above. HoXeTtSlS, f* 8638 * least °™ "MM*, functionality 
within a GLP-1 molecule. ftehb '^e functionality may be located at any^osSn' 

Alternathrety, GLP-1 molecules of the present Invanti™ - 

ecul* Preferably, a modified histaine f unctional^ (o3^ PM,tton wltt " n a GLP-1 md- 

The term -modified hfetJdlne- refers to a hlstldto! KZ! £ I* P ° S ' tion of a GUM molecule, 
altered can altered hisddlno functioning wSts tTj^T^ «^'«Dy or bWogteaHy 
binding properties. -ry wnicn has been synthesized de novo, but which retains it^meS 

Numerous such modified hlstldlne functionalities and their 

H.. at at, B/ocftem. Bhphy,. Was. Cemmun.. 103(4?mT?i ^SJT^.!T* M ^ IStldina a**"****. 
Cftem&fry lata* pp. 1873-1874(1988)1 Lhl^wll V« )l ^*°*H--histidine (Owa. T, etat 

dbdosed and Indude. for exam** ^ ** *** In this range have b2n 



GLP-1 (7-36)amide 
» GI)A.GLP-1 (7-36JamkJe 

G,n*-GLP-1 (7-37) 
D-Gln*-GLP-1 (7-37) 
acatyi-Lys«-GLP-1 (7-37) 
Tht*-QLP-1 (7-37) 
25 D-7hrM3UM (7-37) 

Asn»-GLP-1 (7-37) 
D-Asn«-GLP-i (7-37) 
Sera.Arga.Arp2M3ln»-GLP-1 (7-37) 
Thri«-Lya'«-GLP-1 (7-37) 
* Lys'«*GLP-1 (7-37) 

Arpa-GLP-1 (7-37) 
Arg*-GLP-1 (7-37), 



Methods for preparing the GLP-1 mol^el thTore^^ T of ordinary skin in the art 
skilled peptide chemist, """"as of the present Invention also are well known to an ordinarily 

In one method, GLP-1 molecules are prepared by the w«n-kn«u« t 
deseed by MenifWd. JM.. Chem. Soc. 85^49 TSEZZ?!?" """^ a<ilm "> 

pp. 24^8. Freeman (San Frandsco,~9«V Ho^^^T ""J™* Peptide Syn- 

glucagon polypeptide or of GLP-1 (1-^ fSJST^ IT tf^ 1 ' to olrtaln '"Smarts of the pro- 

* n»d^ ^u^riranrs;^ 81 r ^ 

compounds of the present Invention are prepar^byl^^ ^.Tf 8 8bout 60 to abeut 9 *. 
-cation vl. we» known methods In ftaartsS n!5 Iffi hS?^ 1 a divalent met- 

eor, and the Ilka Of the metal cations *" eXamp '* ^ M "~ F °~ Co". 

ApprepriatebufferearethosewfSS 
but which wiD not Interfere with the reacttoa pSb^^ZtJ about 60 to ^ 90, 

and Trta and Tito acetate. ^referred buffers Include Goode's buffers, particularly HEPES, 

We to provided h excess tn ^ZZZTZ-T^ Preferably, a divalent metal cationic salt such as V.^ JmI 
provraea r "oass to provide a molar ratio of up to about 50 mri^tJZ, I-. dllor " 

h u# oooui oo molecules of a divalent metal cation for 
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each molecule of GLP-1 substrate. 

, miS^SSST PfBSanl reaCfl0 "' ' aySteI ' ,n6 * 8nWph ° US 8U8pensten ' b - P^Hfled using 
77,8 presert Irrventlcn also provides ptarrnaceutical compositions comprising a compound of the eraser, 
invention neomb.natbnwithaphan^ceuueanya^^ 

composite™ are p^^ ln a manner wdi known (n the pharmaceutic*, art, and are adminbtaWrScS 
or In combination with other therapeutic agent,, preferably via parenteral routes. Espe^^ermd^Z 
» Indude Intramuscular and subcutaneous administration. "Pectairy preferred routes 

Partmterai daily dosages. preferably a single, daily dose, are In the range from about 1 pgflcg to about 1 000 
^g/Jg of bocy weight, although lowercr Msher dosages rnay be aoMnisW^ 
ZZ 22"* of the patient and upon such ottana as the pSnfa JS?££*£ 

In making , the compositions of the present invention, the active Ingredient, which comprises at least one 
expound of the present Invention, is usually mixed with an excipient or diluted by an exdpfent WhTan e* 

In preparing a formulation. It may be necessary to mill the active compound to provide the appropriate oar- 
Ude sbe prior to combining with the other ingredients, if the active compound Is Startup SET ft * 
dinar* bm.Bed to partide sb*of less than about 200 mesh. If the active compound b suKSj *J£r 

f^oTat^^^^ 

Some examples of suitable exdptants Indude lactose, dextrose, sucrose, trehalose, sorbitol mannta* 
starches, gum acacia, caidum silicate, mfcrocrystafline ceflutose. polyvtnylpyrrdidone. cUSm wat!TswuD* 
and methyl cellulose. The formulation, can additionally indude lubSgVent. IdTaa^SSl 

S^tSS^tT^ ™T*°° ?T * The conn.olon, of the imreX 

^Z£2£ZZ2%2? q ^ SU8t ^!! 1 " delayed hgredient after adminis- 

tration to the pattern by employing proceduree wefl known In the art. 

r^^T^K™! ^ efaUy fen ™ latod fnaunit form with each dosage normally containing 

S Sd^^^l r'^^ f »«" ^ «o about 10 mg of the acuTSedlent The 
^Zrrl^tlT Phy»l«* discrete units suitable aa unitary dosages for human subjeds end 

other mammals, each unit containing a predetermined quantity of active material calculated to produce the de- 
sired therapeutic effect in association with a suitable pharmaceutical exdptont 

For the purpose of parenteral administration, compositions containing a compound of the present invention 
preferably are combined with distilled water and the pH b adjusted to abWioto about * I D 

nm^t^l^^f!^ T to*™'**** to ^ °f action. Controlled re.ease 

r^^l^.^ * ** ^ o'P«Vnwa tocompiax or absorb a compound of the present hven- 
,,0fl - Th !^^ Bv !*2 r may be 8Xerebed * Ml8ea "8 «PPn>Priate maaomotecules (for example.^ 
Tnd^^^^^^ ^^T' eth *"«^ -atbylceilulose. carboUethycWcS 

ord^o^i^eS, ooncentratbn of macromolecules as wen as the methods of incorporation in 

Another possible method to control the duration of action by controlled release preparations b to Incor- 

!^^^^"f!!^^ entiOT lnto PaftideS 0,8 PO*™^ material such as polyesters, polyamino 
adds, hydrogeis, poly (lactic add) or ethylene vlnytacetate copolymers. ^ 

. JUSS!?L^ f, ln °TT' n9 , a COmp0und Wo B,ese P°^"«te particles, it b possible to entrap 
b^SSlSlS, Inv^ in microcapsules prepared, for example, by coacervatton techniques^ 
, J^^^T?^ ' f0r exBmple ' Mroxymethyteeihjlose or gdatlrwrtcrocapsules, respectively or 

SSc^(l1S^ or in rracroerndstor*. Such teachings are dlsdosed in Remington's ffnrmaceutM 

ir^i^^l^^K^^^ 6 lftSunnotroplc aspect of the present 

Invention provides e method for enhancing the expression of Insulin comprising providing to e mammalian pan- 
creatic B-type Islet cell an effective amount of a compound of the present Inventon™ 

mai ^^^r^^^TT^T " m * th0d f0f ***** "^"^ onset diabetes menttus In a mam- 
o^^^T^k ^f** ^^oomprising administering an effective amount of a com- 
pound or composition of the present Invention, to such a mammal. 
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Example 1 

"•w««*W*«n..n^totoJ^^ 

and stored at ambient temperature (22- C) for about -nL ™k* L ° Mmple3 were «*«d 

^'^m.c«>«emnfu g V5,^ 

content of the supernatants was estimated by measuri^^o^ZTJ^ T ° ^ ^ preta,n 
(Gilford 260). The theoretical absorbance valuefariul m^^T JL nm 8 ^ctrophotometer 
"."Sthlnth.lancuve^^ 



15 




Table 1 


Zn/GLP-1 Molecule 


280 nm Absorbance 


Molar Ratio 


GLP-1 (7-36)armde 


<*yM3UM (7-36)amide 


20 


0 


0.172 


0.138 




0.3 


0.099 


0.079 




0.5 


0.057 


0.070 


25 


0.7 


0.035 


0.058 




1.0 


0.039 


0.057 




3.0 


0.048 


0.044 



Thb example shows that only a small quantity of line Is reoulred to nnni., ^ „ , .„ 
leant portion of the GLP-1 molecUes f rom^e^utaMiuS^ a a >9""- 

Example 2 

Ane^^^^^ 

approximate molar ratio of zinc to GLP- 1 (7-36)amide h mbsa^f £ SS^r? <?uk * )yadded ™° 

cloudy and predpitation soon formed. The mS^^l^^ 0 ^,^^^^ 

The precipitate became firm* attached ^e^tom^I^ 18 ^ 

decanted by pipette. The precipitate was then com^^^^^^^J^^ 
absorbance at 280 nm was determined for both thesuiZate^^^^ ^ hydrochtorfc add. The 
levels in thee, solutions were quantteted ^^^^T^^t^T" 0 ™* 
ment are shown In Table 2. °y«w«caKo«pt»n spectrophotometry. The results of thisexperi- 





280 rrrn Absorbance 


Zinc Concentration In Parts per Million 


Supernatant (5 mJ) 
Redfesoived Precipitate (5 ml) 


0.118 
1.932 


9.02 
13.3 



"n^^sd^^ tnm *» "» ^ 

"^aconce^ *» GUM (7- 
*<»«™^M3.3par,,p*rm^ 

ratio of zinc to GLP-1 {7-36)amlde In the predpttate was 0.717™ «™ 3 ^ Therefore, the molar 
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Claims 



wally acceptable carriers therefor. 1 to 5 assodated wfth one or more phaimaceut- 
7. A GLP-1 compound, as claimed In any one of Claim* i m a , 
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